Abstract
Introduction
The need for effective planning and management is on the increase along with the increasing complexity and laboriousness of making changes or creating new value. Project management is an ideal tool in this respect (Schwable, 2011; Bočková et al., 2005) . The risks associated with deadlines or budgets are extremely serious. Problems of project modelling and simulation are highly topical at the present time, because the application of project management principles is expanding into further areas -change management (Cummings et al., 2016; Yin-xiang, 2013) , crisis management (Wimelius & Engberg, 2015) , innovation management (Balkienė, 2013; Dudzevičiūtė & Tvaronavičienė, 2011; Grossmann, 2009) , etc. -which have only very basic features of projects. A number of problems related to change or innovation are now solved using various methods, techniques and tools of project management. The project team often fi nds itself in a situation in which it must make various project-related decisions. In many cases, such decisions may be classifi ed as serious, as the consequences of the wrong decision may be catastrophic for the project. This is why project teams try to minimise the consequences of wrong decisions. Due to the turbulent and inter-cultural environment of contemporary, often highly complex, projects, these efforts are extremely complicated. Modelling enables the project team to obtain valuable information for future decisionmaking (Colin & Vanhoucke, 2016; Wauters & Vanhoucke, 2016) . For example, modelling enhances knowledge of the functioning of the system for projects that are still in the proposal phase (model -original) . The possibility of experimentation and simulations with the model under changing conditions is a considerable benefi t.
Project management employs a number of methods, techniques and tools for project planning and management. Projects must be implemented within planned deadlines with planned resources and costs in order that defi ned goals are met. This endeavour is the principal goal of project management, whose outcome should be a successfully planned, managed and implemented project. The modelling technique has proved over the long term to be an effective tool used to support decision-making. Decision-making problems are resolved by project teams comprised of experts from various areas and countries in everyday practice for the duration of the project life cycle. A number of decision-making problems are generally resolved in conditions of uncertainty. The risk arising from incorrect decisions represents a considerable threat to the given project or portfolio of projects. There is a natural tendency to try to minimise this risk. Modelling allows project teams to provide valuable information to support future decisionmaking, provides greater knowledge of the functioning of the modelled system, and makes it possible to experiment with the model, in the form of simulation for example, during which the experimental conditions are changed and any change to the behaviour of the model is studied. Methods of network analysis for the production of time, resource and cost analysis of the project are now a traditional way of using the technique of modelling in project management.
The goal of this paper is to present a new expert decision-making fuzzy model for the evaluation of project success. The research in the fi eld of evaluation of project success is based on empirical research. Secondary analysis was used to obtain and process relevant secondary data. General theoretical methods, based on principles of logic and logical thinking (analysis
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Informační management -synthesis, induction -deduction, abstraction -concretisation) were used for processing, and in particular for the formulation of conclusions. Fuzzy modelling (fuzzy set theory and fuzzy logic) was used to create the decision-making fuzzy model, see below. The method of guided interviews with experts in project management was used for identifi cation of the rules of the fuzzy model.
Literature Review
Use of Fuzzy Modelling in Project Management
Many authors have focused on the theory of fuzzy sets and applications of fuzzy logic in project management. The research by the authors Rodriguez et al. presents a method for the evaluation of risk in IT projects. The method is based in a combination of fuzzy analytic hierarchy process (FAHP) and fuzzy inference system (FIS). FIS is used for the integration of the groups of risk factors. These risk factors are the evaluation criteria of a modifi ed FAHP which minimizes the disadvantages of the classic implementation of FAHP in order to obtain a more intuitive and easily adjustable model for multicriteria decision analysis with a lower computational need. The proposed model takes into consideration the different levels of uncertainty, the interrelationship among groups of risk factors, and the possibility of adding or suppressing options without losing the consistency with previous evaluations (Rodriguez et al., 2016) . The research by the authors Rudnik and Deptula (2015) presents the properties, identifi cation issues and utilisation of a new concept of probabilistic fuzzy system for the innovative project risk assessment. For this purpose, a group of risk factors, which infl uence risk variables, has been chosen. Linguistic risk variables are inputs to the innovation risk assessment system. The structure of fuzzy sets for linguistic values takes into account knowledge of a number of experts. Knowledge is presented as fuzzy rules (IF-THEN) together with probability measures of fuzzy events occurrence in the antecedent and conclusion of rules. The method uses parametric family of triangular t-norms, which facilitates inference parameters optimisation, enables fl exible adjustment of a system to empirical data and makes the system more precise (Rudnik & Deptula, 2015) . The research by the authors Liu and Ye presented models for comprehensive evaluating modelling of investment project risk with trapezoid fuzzy linguistic information. A practical example for evaluating the investment project risk is used to verify the developed approach (Liu & Ye, 2015 
Project Success
The issue of project success is also a scientifi c goal for some authors (Khan & Rasheed, 2015; Kemmeter, 2014; Schibi, 2013; etc.) . The issue of project success is the subject of discussion among a number of experts both in project management and other areas (Joslin & Muller, 2015; 2013; Todorovic et al., 2015) . There are a large number of metrics for the measurement of project success. A number of authors agree on some of these, while others are appearing as new. The studies by authors such as (Yang et al., 2011; Zwikael et al., 2014) consider research into new dimensions of project success. In the study "The Moderating effect of risk on the Relationship between planning and success" the authors deal with examination the relationship between the project planning process and its success. They show the level of success (measured in the form of risk) associated with the project plan. They conclude the high risk projects must be carefully planned. See e.g. (Zwikael et al., 2014) . In the opinion of the authors, the metrics differ according to the type of project, the phase in which the project is found, the method of expression: absolute or relative (Samset, 1998), and individual interest groups which often have their own way of perceiving project success (Davis, 2014) . The traditional measure of project success is based on what is known as the triple imperative of a project and is associated with the fulfi lment of the time period, costs and goals of the project (de Carvalho et al., 2015) cost, and margins. We adopt a contingency approach that evaluates the complexity of the project, according to 4 categories, the effect of industry sector and countries. The methodological approach involved a longitudinal fi eld survey in 3 countries (Argentina, Brazil, and Chile.
In terms of the fi nancial criteria applied, this generally involves the use of the indicators ROI -Return on Investment, NPV -Net Present Value, IRR -Internal Rate of Return (Yinxiang, 2013 ) and perhaps CBA -Cost-Benefi t Analysis (Jaradat et al., 2010) . The research by the author Relich presented a computational intelligence approach to predicting the success of new product development projects (Relich, 2015) . Data mining techniques, artifi cial neural networks and the fuzzy neural system are used to identify relationships between the duration of a project phase and other data stored in the information system of an enterprise (Relich & Muszyński, 2014) . In their model, emotional intelligence, cognitive fl exibility and systemic thinking were hypothesised to relate to project success, mediated by internal and external stakeholder relationships. This model was tested in an online survey with 373 major project managers. Emotional intelligence and cognitive fl exibility were found to be related to the development, quality and effectiveness of major project managers' relationships with both internal and external stakeholders, and these in turn were associated with their ratings of project success. The research by the authors Serra and Kunc (2015) 
Critical Discussion
A secondary research (literature review) and a primary empirical research (questionnaire survey in the form of structured and semistructured interviews) shows, that the following metrics are generally considered measures of the success of a project:   The project has conformed to the defi ned scope, goals and costs. If the given criteria are fulfi lled, the project can be considered successful.   The customer was satisfi ed with the project.
The project can be considered a success even if a certain aspect of the preceding criterion is not met, though the customer is satisfi ed with the main aspects of the project. This criterion is becoming increasingly effective and a number of organisations now concentrate on assessing the satisfaction of customers with the project. The information obtained serves them as a basis for overall assessment of project success.   The project output has fulfi lled the principal purpose of the project. If the main purpose of the project is met by the implementation of the project in spite of the fact that a certain criterion within the triple imperative has not been fulfi lled, the project may be considered a success. Specifi cally, if the outcome of the project was, for example, making certain production processes more effective, which results in fi nancial savings, then the project has been successful even if, for example, the project has taken longer than anticipated in the plan or if the project budget has been exceeded. An input variable of the expert decisionmaking fuzzy model for the evaluation of project success (see chapter 3) was deduced from this information.
Currently analysed models of project success evaluation are based on an isolated application of selection criteria of project success. Those criteria are generally based on the triple imperative of the project -time, cost, quality. The indicators ROI (Return on Investment), NPV (Net Present Value), IRR (Internal Rate of Return) or CBA (Cost-Benefi t Analysis) are used especially in terms of fi nancial criteria. The customers and suppliers of the project are also used as criteria for project success evaluation. The project budget (cost of the project) only or time schedule are often used as criteria for project success evaluation. According to this assessment approach is generally not taken into account already achieved quality of the project. It is of course a problem, because the projects who are completed in time and within budget may not have defi ned outputs (quality of the project). Such a project can't be defi nitely evaluated as successful. Thoroughly conceived project risk analysis is a prerequisite for maintaining of basic parameters of triple imperative of the project. The projects rated high degree of risk have little potential to be successful in terms of triple imperative of the project. Overall it can be say that the weakness of the existing models for project success evaluation is refl ected only selected criteria of project success often in the form of numerical values. The individual characteristics associated with the given process of project management are, it's true, relatively countable in project practice, though generally only with a wide scatter, i.e. they are more or less guesswork anyway. The approach to date, in the area of risk engineering for example, has either applied numerical values of probability and impact directly or worked with the classical strict membership of these values to certain sets which was unsuitable for a number of applications and failed to correspond to the true risk perception.
The proposed model (chapter 3) is primarily differed from the current approach thanks its summary evaluation of three key processes that affect the success of the project. It is a process of project risk management, process of elaboration of scheduling and resource analysis and process of quality assurance of the project. It is a process of project risk management, project scheduling and resource analysis and project quality evaluation. The proposed model evaluates these sub-processes in three sub-models. The outputs of sub-models are used as inputs to the overall model of project success evaluation. The submodels are possible to use in each life phase of the project also separately. The fi rst submodel evaluates the project status based on the Earned Value Management, specifi cally the indexes SPI (Schedule performance index) and CPI (Cost performance index). The second sub-model evaluates the total value of project risk on the RIPRAN method, specifi cally the indicators number of sub-risk and total value of sub-risks. The third sub-model evaluates project quality. Two qualitative indicators were defi ned to measure the quality of a project in practice (ČSN EN ISO 9000 (010300) 2005; ČSN ISO 10006 (010333) 2004): degree of compliance with the requirements and eligibility for use. The proposed fuzzy model for the assessment of project success is implemented by means of abstract modelling during which it models the structure of the system. The fuzzy approach was used to the modelling of the sub-processes of project success evaluation. This approach minimises a lack to practically application of exact calculation. The advantage of fuzzy sets is the ability to work with vague concepts. These concepts are widely used in everyday project management practice. Systematically, hierarchical and complexly (three key criteria) developed fuzzy model is its main advantage and differ from current project success evaluation models. This fact is confi rmed by Assoc. Prof. Branislav Lacko, who is a certifi ed project manager IPMA and long- 
Materials and Methods
Fuzzy Set
A fuzzy set is a set whose elements have degrees of membership. The fuzzy set was introduced by Lotfi A. Zadeh in 1965 as an extension of the classical notion of sets and can be applied in many fi elds of human activity (Zadeh, 1965) . The degree of membership to fuzzy sets determines "how much" the element belongs to the set. This is the basic principle of fuzzy sets.
A fuzzy set can be defi ned as follows: Let X be a non-empty set and .
Then fuzzy set is a set of all ordered pairs therefore (1) where X is a universe, is a membership function of fuzzy set , (see Fig. 1 ), and is a grade of membership of x.
is defi ned for all and = 0 for .
A support of a fuzzy set is the classical set
A kernel or core of a fuzzy set is the classical set (3) A height of a fuzzy set is the number (4) For example, when fuzzy set is "about 2", see triangular membership function in Figure 1 , then supp = (1;3), ker = {2} and hgt = 1.
Fuzzy Logic
The application of fuzzy logic is based on fuzzy set theory (Zadeh, 1965; Zimmermann, 2001; Klir & Yuan, 1995) . Fuzzy logic measures the certainty or uncertainty of how much the element belongs to the set. By means of fuzzy logic (Zadeh, 2007) it is possible to fi nd the solution to a given task from rules defi ned for analogous tasks. The calculation of fuzzy logics consists of three basic steps (Dostál, 2011) A system with fuzzy logic works as an automatic system. The user need only enter input data. This can be represented by many variables and their attributes.
Results
The case study presents the use of fuzzy logic in the evaluation of project success. The Fuzzy Logic Toolbox in MATLAB software was used to create the decision-making model. The expert decision-making fuzzy model system for the evaluation of project success (EDMS_ PSU) consists of three sub-models: a fuzzy model of project state evaluation (EDMS_PS), a fuzzy model of total project risk evaluation (EDMS_TVPR), and a fuzzy model of project quality evaluation (EDMS_PQ). There are six input variables, four rule blocks and one output variable in the fuzzy model. See Figure 2 . (5) where the parameters a and d locate the "feet" of the trapezoid and the parameters b and c locate the "shoulders".
A membership function of type Π trapmf (trapezoidal-shaped) was used. The syntax of the function is the following: y = trapmf(x,[a b c d]). The description of the trapezoidal curve is a function of a vector x and depends on four scalar parameters a, b, c, d, as given by
Fuzzy Sub-Model of Project State Evaluation (EDMS_PS)
The rule block RB1 evaluates project status (PS) based on the Earned Value Management -EVM (Vanhoucke, 2014), specifi cally the indexes SPI and CPI. EVM method is based on the following indices:   Planned value (PV) -Budgeted cost of work scheduled (BCWS). The total PV of a task = the task's budget at completion (BAC). The practical application of EVM is usually defi ned by certain tolerances which are represented in a graphic circle centred at point (1,1). These circles are the relevant size of the problem in which the project is locatedproblem of project status (PS). The closer to the centre (point (1,1) ), the smaller the problems of project status are. The further away from the centre (point (1,1) ), the greater the problems of project status. See Figure 4 .
The inputs (into RB1) are represented by two variables: SPI_deviation (SPI) and CPI_deviation (CPI). The output from rule block RB1 and the output variable is the problem of project status (PS). The input variable SPI has fi ve attributes: VS -very small, S -small, M -medium, L -large, VL -very large. The input variable CPI has fi ve attributes: VS -very small, S -small, M -medium, L -large, VL -very large. The output variable PS has fi ve attributes: VS -very small, S -small, Mmedium, L -large, VL -very large (Doskočil, 2015) . Figure 5 shows the rule block (RB1) with 25 rules and degrees of support that set up the relation between input and output variables. The list and combination of rules for the project state evaluation system is based on empirical research in the given subject carried out by the controlled interview technique.
Fuzzy Sub-Model of Total Project Risk Evaluation (EDMS_TVPR)
The rule block RB2 evaluates the total value of project risk (TVPR) on the RIPRAN (RIsk PRoject ANalysis) method -specifi cally the indicators: Number of Sub-Risk and Total Value of Sub-Risks. Both indicators are extremely important inputs in the evaluation of the total risk of the project based on the RIPRAN method. The RIPRAN method is an empirical method for the analysis of project risks. The author of the RIPRAN method is Associate Professor Branislav Lacko. The RIPRAN method can be used in all phases of the project (Cooper et al., 2014) . The method was originally created for risk analysis automation projects within the framework of a research project at the Technical University in Brno. Experience has shown that, after certain adjustments, it is possible to apply the method in the risk analysis of a wide range 
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of various projects and, in some cases, for the analysis of other types of risks than project risks. The RIPRAN method is a trademark, registered author of the Industrial Property Offi ce in Prague under reg. no. 283536 (Lacko, 2015) .
The inputs (into RB2) are represented by two variables: Number of sub-risk (NSR) and total value of sub-risks (TVSR). The output variable is total value of project risk (TVPR). The input variable NSR has fi ve attributes: VS -very small, S -small, M -medium, L -large, VL -very large. The input variable TVSR has fi ve attributes: VS -very small, S -small, M -medium, L -large, VL -very large. The output variable TVPR has fi ve attributes: VS -very small, S -small, M -medium, L -large, VL -very large. Figure 6 shows the rule block (RB2) with 25 rules and degrees of support that set up the relation between input and output variables. The list and combination of rules for the total project risk evaluation system is based on empirical research into the given subject carried out by the controlled interview method.
Fuzzy Sub-Model of Project Quality Evaluation (EDMS_PQ)
Rule block RB3 evaluates project quality (PQ). Two qualitative indicators were defi ned to measure the quality of a project in practice (ČSN EN ISO 9000 (010300) 2005; ČSN ISO 10006 (010333) 2004): 1. Degree of compliance with the requirements -processes and products of the project correspond to predetermined specifi cations (declaration of the project). 2. Eligibility for use -the products of the project can be used in the manner for which they were intended.
The inputs (into RB3) are represented by two variables: Degree of compliance with the requirements (DCR) and eligibility for use (EU). The output variable is project quality (PQ). The input variable DCR has fi ve attributes: VL -very large, L -large, M -medium, S -small, VS -very small. The input variable EU has fi ve attributes: VL -very large, L -large, M -medium,
Fig. 6: Rule block (RB2) and some rules -EDMS_TVPR
Source: own S -small, VS -very small. The output variable PQ has fi ve attributes: VL -very large, L -large, M -medium, S -small, VS -very small. Figure 7 shows the rule block (RB3) with 25 rules and degrees of support that set up the relation between input and output variables. The list and combination of rules for the project quality evaluation system is based on empirical research into the given subject carried out by the controlled interview method.
The scheme of the fuzzy model evaluating project success (only the sub-model related to rule block RB4) is displayed in Figure 8 .
Fuzzy Model of Project Success Evaluation (EDMS_PSU)
Rule block RB4 evaluates project success (PSU). Partial outputs from the blocks (RB1, RB2, RB3) are simultaneously inputs into rule block RB4 (see Fig. 7 ). The output variable is project success (PSU). The output variable PSU has fi ve attributes: VL -very large, L -large, M -medium, S -small, VS -very small. Figure 9 shows the rule block (RB4) with 125 rules and degrees of support that set up the relation between input and output variables. The list and combination of rules for the project success rate evaluation system is based on empirical research into the given subject carried out by the controlled interview technique. Figure 10 shows the correlation between input and output. Specifi cally, this image shows graphically the correlation between two output variables PSU and input variables PS and TVPR. It is a function dependence PSU = f (PS, TVPR, PQ), where the input variable PQ in this three-dimensional graph is a constant. The user can change this variable for presentation in graphs. In this graph, you can see extremely important information about the fuzzy model.
The graphic representation of the dependence of the input and output variables makes it possible to control the set parameters of the fuzzy model. In general, one may say that the display area of the given model is satisfactory since the defi ned rules and selected membership functions generalise the model suffi ciently.
Taking into account the monitoring of four variables (four-dimensional problem), which is our idea diffi cult to imagine, Figure 10 shows a cut of the four-dimensional problem; the result is three dimensions surface. This is achieved by fi xing one of the input variables, e.g. the third input variable PQ = 50, see Figure 10 . The value of output variable (PSU) reaches the maximum only in the value 75 on this level of the cut, see Figure 10 .
The display of four-dimensional problem is reduced into three dimensions for a fi xes selected input variable PQ = 50. The changing variables are PS, TVPR, PSU. The points in the graph (see Fig. 10 ) have therefore coordinates [PS, TVPR, PSU] . It is possible to deduct for variables PS = 0 and TVPR = 0 the value of PSU = 0. For variables PS = 100, TVPR = 100 can be deduct the value of PSU = 75. See Figure 10 . Figure 11 shows the evaluation of project success for a concrete project. The input variables are set up as PS = 0, TVPR = 0, PQ = 0. This leads to the result (output) PSU = 7.29 which means that project success is evaluated as very large (the value 7.29 is close to zero). Using the fi rst rule is expressed by the output variable PSU coloration (see Fig. 11 ). It was used the fi rst rule: Figure 9 . This rule means: If project status (PS) is evaluated as very small (VS), total value of project risk (TVPR) is evaluated as very small (VS) and project quality (PQ) is evaluated as very large (VL) then project success (PSU) is evaluated as very large (VL).
If (PS is VS) and (TVPR is VS) and (PQ is VL) then (PSU is VL). See
The input variables in value PS = 100, TVPR = 100, PQ = 100 leads to the result (output) PSU = 92.7 which means that project success is evaluated as very small. It was used the last rule:
If (PS is VL) and (TVPR is VL) and (PQ is VS) then (PSU is VS)
. This rule means: If project status (PS) is evaluated as very large (VL), total value of project risk (TVPR) is evaluated as very large (VL) and project quality (PQ) is evaluated as very small (VS) then project success (PSU) is evaluated as very small (VS).
Discussion
The proposed fuzzy model for the assessment of project success is implemented by means of abstract modelling during which it models the structure of the system. All fi gures created in the Fuzzy Logic Toolbox in MATLAB software are illustrative. The fuzzy modelling of selected project processes (the project status evaluation, the project risk evaluation and the project quality evaluation) was applied, fi rst and foremost, in view of the ability of fuzzy sets to work with inexact (vague) concepts. These concepts are widely used in everyday project practice. Defi nition of exact mathematical relationships that would model the given reality suffi ciently faithfully would be highly complicated in this situation.
The success of the proposed model and its limitations depend, fi rst and foremost, on the extent and quality of the input data. The proposed model is set to expert data. This data served as a point of departure for the description of the modelled system from the viewpoint of its purpose and goals. The model contains basic input variables that have long been considered in project practice as criteria for the assessment of pertinent project processes. If other facts or additional new data is identifi ed, additional or other possible dependences may be determined or the given dependences exactifi ed, with the rules and shapes of functions of model membership thereby being exactifi ed as well. The structure rules of the fuzzy model depend also on life phase of the project. Priorities of the project (thanks to the environment in which the projects underway) are changing. Experts can therefore defi ne different rules for each life phase of the project. For these reasons, the proposed model cannot be considered fi nal. The viability of the model, which falls over time, must always be respected. The model must be upgraded, i.e. corrections with regard to the real state must be made or the model drawn up entirely from scratch. Only a model drawn up to a high standard and subjected to verifi cation can be applied in live operations and used as a tool supporting decision-making.
The model must be tuned and verifi ed after its creation. The success of the model depends primarily on the quality of the fuzzy rules. If the model does not give correct output, the rules or shapes of the membership functions must be corrected or changed. The results meet the requirements, for which reason the model can be considered generally functional. The model The proposed fuzzy model is recommended for use primarily in the implementation phase of the project cycle and then repeatedly after each project milestone is reached (structured, for example, according to WBS -Work Breakdown Structure). Project managers obtain a tool for "measuring" selected project processes with this model. They also get the opportunity of using the model for experimentation, for example by means of simulations. This provides additional information about possible project development and, in some cases, alarm signals to support future decision-making.
Informační management
Conclusion
This paper presents an expert decision-making fuzzy model for evaluating project success. The proposed model (including sub-models) is implemented in the MATLAB software environment with the use of the Fuzzy Logic Toolbox application where it is also verifi ed and further specifi ed. MATLAB software was chosen for the construction of models in view of the fact that it is not necessary to perform a detailed examination of the essence of the principle of fuzzy sets (with which fuzzy logic works) which is an indisputable advantage in view of the varying standard of mathematics in the intercultural environment of project teams today.
In view of today's multidisciplinary and international project environment, characterised by a large number of parties with an interest in the project, the fuzzy approach is one way of incorporating uncertainty into project practice. The advantage of fuzzy sets over classical set theory lies in their ability to record inexact (vague) concepts that project managers use in their natural language in the design and implementation of projects. The individual characteristics associated with the given process of project management are, it's true, relatively countable in project practice, though generally only with a wide scatter, i.e. they are more or less guesswork anyway. The approach to date, in the area of risk engineering for example, has either applied numerical values of probability and impact directly or worked with the classical strict membership of these values to certain sets which was unsuitable for a number of applications and failed to correspond to the true risk perception. The fuzzy approach to the modelling of these processes minimises this shortcoming. The application of fuzzy approaches in the modelling of controversial (in relation to the possibility and practical usability of exact calculation) selected project processes is one of the principal contributions of this paper.
The proposed model provides project managers and others with a tool for the "measurement" of selected project processes (assessment of the state of the project, assessment of project risks, assessment of project quality, assessment of project success). The fuzzy approach including knowledge base of expert rules and its ability to systematically, hierarchical and comprehensively evaluate three key criteria of project success is the main asset and simultaneously differ from current models. A signifi cant general advantage of the application of the technique of modelling in project management is the possibility of subsequent experimentation with the model, in the form of simulation for example. This makes further information about the possible variant development of projects available and can provide warning signals to support future decision-making. 
